Background: Burden of Group A streptococcus (GAS) pharyngitis is scarce in developing countries, still unknown in China. The objective of this study was to determine the incidence of clinical cases of pharyngitis and GAS culturepositive pharyngitis, and their outpatient visits among children aged 0-14 years in Beijing, the capital of China. Methods: Multiplier model was used to estimate the numbers of pharyngitis cases, based on reported numbers of clinical cases and GAS culture-positive rates from GAS surveillances in Beijing, consultation rate, population coverage of GAS surveillances, sampling success rate, and test sensitivity of GAS culture from previous studies, surveys and surveillances. 2039.6-3330.6) GAS culture-positive cases of pharyngitis and 1652.7 (95 % CI: 1256.5-2049.0) outpatient visits per 100,000 person-years during the same period. The estimated burden of GAS pharyngitis was significantly higher than that of scarlet fever. Children aged 5-14 years had a higher burden of GAS pharyngitis than those aged 0-4 years. Conclusions: The present data suggests that GAS pharyngitis is very common in children in China. Further studies and surveillances are needed to monitor trends and the effectiveness of control measures.
Background
Pharyngitis is one of the most common presenting symptom for seeking medications, accounting for an estimated 15 million outpatient visits in 2006 in United States [1] . Group A streptococcus (GAS) is the main bacterial cause of pharyngitis, and responsible for a large number of pharyngitis cases in children [2] . Although GAS pharyngitis may seem relatively benign and unimportant, it causes enormous use of health resources and economic costs [3] . Furthermore, the primary infection can lead to severe GAS diseases (eg, acute rheumatic fever, rheumatic heart disease, post-streptococcal glomerulonephritis, and invasive infection) [4, 5] . A study reviewed recent population-based data and estimated that there were 616 million new GAS pharyngitis cases per year in the world, with an estimated number of more than 1.78 million new cases and 517,000 deaths of severe GAS disease each year [5] . It occurs most commonly among children aged 5-15 years, and its incidence in children varies from region to region [6] . However, epidemiological data on GAS pharyngitis from developing countries is scarce [4] [5] [6] . To our knowledge, the disease burden is still unknown in China. In this study, we aimed to determine the incidence of clinical cases of pharyngitis and GAS culture-positive pharyngitis, and their outpatient visits among children aged 0-14 years in Beijing, the capital of China.
Methods

GAS surveillances in Beijing
GAS surveillances were conducted in the pediatric clinics of 36 hospitals within Beijing's 18 districts since May 2011. Since November 2014, the number of sentinel hospitals has been cut down from 36 to 17. The surveillance system was designed and managed by Beijing Center for Disease Prevention and Control. Under the system, clinicians were required to diagnose scarlet fever or pharyngitis and to record the weekly numbers of outpatient visits by age groups (0-4 years, and 5-14 years) on a fixed form. All children with scarlet fever diagnosed by clinicians were invited to participate in the study. Meantime, each week, 10 children with pharyngitis diagnosed by clinicians were randomly selected from each hospital. If there are less than 10 patients in a hospital in a week, all of them were invited to participate in the study. The pharyngeal swab samples were collected by trained clinicians from study participants after their guardians gave informed consent, and tested by the collaborating laboratories. A detailed description of the surveillance was published in a previous study [7] .
National notifiable infectious disease surveillance system in China
Scarlet fever is a notifiable disease according to Law of the People Republic of China on the Prevention and Treatment of Infectious Diseases. All clinical cases of scarlet fever should be reported to the National Notifiable Infectious Disease Surveillance System (NNIDSS) by clinicians and hospitals when they sought medical services in China.
Case definition
In this study, clinical cases of pharyngitis was defined as follows: pharyngitis is the inflammation of the back of the throat including the tonsils, and its common symptoms include fever, sore throat, red tonsils, and enlarged lymph nodes in the neck and so on. Case definition of clinical cases of scarlet fever conformed to the Diagnostic Criteria for Scarlet Fever (WS282-2008) enacted by the Chinese Ministry of Health [8] . Patients with scarlet fever or pharyngitis from whom GAS was isolated were identified as GAS culture-positive patients.
Model for cases numbers estimation
Previous studies had used the multiplier model to estimate the burden of pandemic (H1N1) 2009 in China and USA [9, 10] , and hand, foot and mouth disease in China [11] . In this study, the multiplier model was used to estimate the burden of GAS pharyngitis among children aged 0-14 years in Beijing. To estimate the total number of cases of GAS culture-positive pharyngitis, we built the multiplier model to adjust the count of laboratory-confirmed cases from GAS surveillances in Beijing for the following steps: medical care seeking (B to A), population coverage of GAS surveillances in Beijing (C to B), collection of samples (D to C), and laboratory detection of GAS (E to D) (see Fig. 1 ). At each step, data for parameter estimations was identified as a range of proportions observed in previous studies, surveys and surveillances.
Because NNIDSS covered all hospitals and all population in Beijing, population coverage of GAS surveillances among scarlet fever cases was calculated by dividing reported number of clinical cases of scarlet fever from GAS surveillances by reported number from NNIDSS in Beijing. In this study, we assumed that population coverage among cases of scarlet fever was equal to that among cases of pharyngitis.
The number of cases of GAS culture-positive pharyngitis was calculated using: (1) Na was age-specific reported number of clinical cases from GAS surveillances. (2) Ra was age-specific GAS culture-positive rate by GAS surveillance in Beijing. (3) Ca was age-specific consultation rate. Consultation rate was calculated by the function (1-proportion of patient who do not visit any Fig. 1 Model parameters for estimating the burden of GAS pharyngitis in Beijing, 2012-2014. Note: A, Total no. cases of GAS culture-positive pharyngitis in Beijing; B, Cases refer to hospitals in Beijing = A* Consultation rate; C, Cases refer to sentinel hospitals of GAS surveillances in Beijing = B*Population coverage of GAS surveillances in Beijing; D, Cases for which specimens were successfully collected = C*Sampling success rate; E, Predicted positive specimens that were correctly identified by laboratory tests = D*Test sensitivity health institutions), based on literature data from the Fourth National Health Services Survey of China in 2008, which showed that among children aged 0-4 and 5-14 years, 27.3 and 40.3 % of patients do not visit any health institutions when they were ill [12] . Accordingly, consultation rate among children aged 0-4 and 5-14 years was 72.7 and 59.7 % respectively. (4) Pa, agespecific population coverage of GAS surveillances. (5) s was the success rate for sampling swab samples, ranged from 80 to 90 %, and it was obtained from a study from Beijing [9] . (6) t was the test sensitivity of throat culture, ranged from 75.2 to 97.1 %, and it was obtained from a review study of 13 published literatures [13] (see Eq. 1).
Total number of cases of GAS culture-positive pharyngitis
The number of clinical cases of pharyngitis was calculated using: (1) Na, (2) Ca, and (3) Pa (see Eq. 2).
Total number of clinical cases of pharyngitis
The number of outpatient visits for GAS culturepositive pharyngitis was calculated using: (1) Na, (2) Ra, (3) Pa, (4) s, and (5) t (see Eq. 3).
Total number of outpatient visits for GAS culture-
The number of outpatient visits for clinical cases of pharyngitis was a calculation of reported number of clinical cases from GAS surveillances divided by population coverage of GAS surveillances (see Eq. 4).
Total number of outpatient visits for clinical cases of pharyngitis ¼ X Na
Pa ð4Þ
The same approach was used to estimate the total number of cases of GAS culture-positive scarlet fever, the total number of clinical cases of scarlet fever, the total number of outpatient visits for GAS culturepositive scarlet fever, and the total number of outpatient visits for clinical cases of scarlet fever.
Annual incidence rate was equal to the estimated number of cases divided by population number from the 2010 National Population Census in Beijing, China [14] . Data from the census showed that there were 1,687,437 persons in the age group of 0-14 in Beijing, of which those aged 0-4 years accounted for 40.65 %.
Data analysis
Ninety-five percent confidence intervals (CIs) for population coverage and GAS culture-positive rate of GAS surveillances by age groups were calculated using the normal approximation. Difference among the subgroups were tested by Pearson's Chi-square test with a twosided p value <0.05 as the statistical significance level. Data analyses were carried out using SPSS Version 13.0 (SPSS Inc, Chicago, IL). Ninety-five percent CIs for estimated numbers of cases and annual incidence rate were determined by Monte Carlo simulation, using a multiplier model (Impact 2009, version 1.0) by United States Centers for Disease Control and Prevention.
Results
Data from NNIDSS and GAS surveillances in Beijing
The reported numbers of clinical cases of scarlet fever and pharyngitis from GAS surveillances and NNIDSS by years and age groups are shown in Table 1 . From 2012 to 2014, a total of 9078 clinical cases of scarlet fever aged 0-14 years were reported from NNIDSS in Beijing, 26.1 % of whom were children aged 0-4 years, and 73.9 % were between the age of 5 and 14 years.
During the same period, a total of 4093 clinical cases of scarlet fever and 447,232 ones of pharyngitis were reported from GAS surveillances in Beijing. Of the 4093 clinical cases of scarlet fever, 28.3 % were children aged 0-4 years and 71.7 % were between the age of 5 and 14 years. Of the 447,232 clinical cases of pharyngitis, 51.7 % were children aged 0-4 years and 48.3 % were between the age of five and fourteen years.
Population coverage of GAS surveillances in Beijing
Using the surveillance data from NNIDSS and GAS surveillances, we estimated the population coverage of GAS surveillances among children aged 0-4 years and 5-14 years in Beijing, respectively. Because the number of sentinel hospitals was cut down from 36 to 17, the population coverage of GAS surveillances in 2014 was significantly lower than that in 2012 and 2013 (see Table 2 ).
GAS culture-positive rate of GAS surveillances in Beijing
Bacterial surveillance data for GAS showed that the overall positive rate of GAS causing scarlet fever was significantly higher than pharyngits during the 3 years (p < 0.05). The lower rate of GAS causing pharyngits in 2013 compared to 2012 and 2014 was statistically significant (p < 0.05), but no significant difference of positive rate of GAS causing scarlet fever was found between the 3 years (p > 0.05). With respect to the difference between the two age groups, we observed higher positive rate of GAS causing pharyngits among children aged 5-14 years in all the 3 years (p < 0.05). Nonetheless, no significant association between age and positive rate of GAS causing scarlet fever existed in any of 3 years (p > 0.05) (see Table 3 ).
Numbers of clinical cases and GAS culture-positive cases
Using the multiplier model, we estimated that there were 398,720 clinical cases of pharyngitis in 2012, 467,670 cases in 2013 and 642,410 cases in 2014, with an annual incidence rate of 23628.7, 27714.8 and 38070.2 cases per 100,000 children, respectively. Of these clinical cases, a total of 50,499, 19,258, and 66,172 pharyngitis cases were GAS culture-positive during 2012 to 2014, with an annual incidence rate of 2992.6, 1141.3 and 3921.5 cases per 100,000 children, respectively. The incidence of GAS culture-positive pharyngitis was statistically significantly lower in 2013 than in 2012 and 2014 (p < 0.05), but no significant difference was found between 2012 and 2014 (p > 0.05). With respect to the difference between the two age groups, we observed a higher risk for incidence of GAS culture-positive pharyngitis among children aged 5-14 years in all the 3 years (4273.5 vs. 1122.2 cases per 100,000 children in 2012, 1636.4 vs. 418.2 cases per 100,000 children in 2013, and 5728.5 vs. 1282.8 cases per 100,000 children in 2014, p < 0.05). The annual incidence rate of GAS culture-positive pharyngitis was more than 10 times higher than that of scarlet fever during the 3 years (2992.6 vs. 206.9 cases per 100,000 children in 2012, 1141.3 vs. 101.7 cases per 100,000 children in 2013, and 3921.5 vs. 220.6 cases per 100,000 children in 2014, p < 0.05) (see Table 4 ).
Outpatient visits for clinical cases and GAS culture-positive cases
As shown in Table 5 , we estimated that there were 262,760, 305,760, and 419,590 outpatient visits for clinical cases of pharyngitis during 2012 to 2014, with an annual incidence rate of 15571.5, 18119.8 and 24865.5 cases per 100,000 children, respectively. Of these outpatient visits for clinical cases, a total of 31,148, 11,870 and 40,648 cases of pharyngitis were GAS culturepositive during the same period, with an annual incidence rate of 1845.9, 703.4, and 2408.9 cases per 100,000 children, respectively. The incidence of outpatient visits for GAS culture-positive pharyngitis was statistically significantly lower in 2013 than in 2012 and 2014 (p < 0.05), but no significant difference was found between 2012 and 2014 (p > 0.05). Compared to children aged 0-4 years, those aged 5-14 years had a higher risk of outpatient visits for GAS culture-positive pharyngitis in all the 3 years (2551.3 vs. 815.8 cases per 100,000 children in 2012, 976.9 vs. 304 cases per 100,000 children in 2013, and 3419.9 vs. 932.6 cases per 100,000 children in 2014, p < 0.05). The incidence of outpatient visits for GAS culture-positive pharyngitis was significantly higher than that of scarlet fever during the 3 years (1845.9 vs. 130 cases per 100,000 children in 2012, 703.4 vs. 231.6 cases per 100,000 children in 2013, and 2408.9 vs. 136.9 cases per 100,000 children in 2014, p < 0.05) (see Table 5 ).
Discussion
This is the first study to estimate the incidence of clinical cases of pharyngitis and GAS culture-positive pharyngitis among children in China. [15] . These data highlighted that pharyngitis is a very common presenting symptom for seeking medications among children in Beijing, China. In our study, we estimated that an average of 45309.7 pharyngitis cases were laboratory confirmed per year from 2012 to 2014 in Beijing, with an annual incidence rate of 2.7 (95 % CI: 2.0-3.3) per 100 person-years for children, respectively, similar to the rate of GAS pharyngitis reported from a study in Europe (3.9 per 100 persons per year) [16] , but lower than recently reported rates in Australia (13 per 100 person-years in 2001/2002 [17] , and 14 per 100 person-years in 2001 [18] ), and Fiji (14.7 per 100 person-years in 2006 [19] ). In a peri-urban population of northern India, the incidence of GAS pharyngitis among 5-15-year-old schoolchildren, with [20] , was significantly higher than our estimation in Beijing. There were two reasons which may partially explain the lower rates of GAS pharyngitis in Beijing. First, GAS-related diseases are highly transmissible within populations characterized by crowding, limited access to hygiene and inadequate medical care [20] . As one of the most developed regions in China, Beijing has undergone epidemiological transition from communicable to noncommunicable diseases as the predominant causes of morbidity and mortality. Scarlet fever is usually used as a proxy of GAS-related diseases because of its distinctive clinical features. During the period from 1949 to 2006, the incidence of scarlet fever has remarkably fallen from 488.3 to 1.86 cases per 100000 persons among all age population in Beijing [21] . Second, although immunity to GAS is emm-type specific [22] , most of GAS samples from Beijing GAS surveillances were indentified as emm-1 and 12 types, from 2011 to 2014 [23] . Therefore, a large percentage of Beijing population had become immune to GAS infection from 2012 to 2014 because of the 2011 GAS epidemic in Beijing [7] . GAS causes a broad spectrum of diseases, ranging from mild superficial infections of the throat or skin to severe invasive infections and the post-streptococcal complications of acute rheumatic fever and acute poststreptococcal glomerulonephritis. In China, scarlet fever is the only notifiable disease among these GAS diseases according to the Law, but other GAS related infections are not notifiable and there are very few active surveillance systems. In our study, we found that the incidence of GAS pharyngitis was more than 10 times higher than that of scarlet fever. Accordingly, GAS pharyngitis caused more outpatient visits than GAS scarlet fever among children in Beijing. These results indicated that the disease burden of GAS pharyngitis has been significant, and posing great threats to the health of children in Beijing. Therefore, more epidemiological studies and surveillance of other GAS related infections should be developed in Beijing, and other regions in China.
Our result demonstrated that the incidence of GAS pharyngitis among children aged 5-15 years was heavier than in preschool children aged 0-4 years due to the distinct difference of GAS culture-positive rates across the two agegroups. The result confirmed that disease burden of GAS is higher from 5-15 years than with younger children. However, the GAS culture-positive rates of scarlet fever didn't vary smililarly. Unlike clinical cases of pharyngitis, clinical cases of scarlet fever had more distinctive clinical features and specific case definition in this study. Thus it was easily for clinicians to diagnose these cases without laboratory tests. Accordingly, the GAS culture-positive rate of scarlet fever was much higher than that of pharyngitis in all agegroups, and only a small difference was observed between the two agegroups.
In this study, we observed the significant variation in yearly incidence, which may be explained by epidemic period of GAS. As a proxy of GAS-related diseases, epidemiological data showed that the epidemic period of scarlet fever was about 6-8 years in Beijing [21] . The factors including genetic variation, environmental factors, and host immune status might have contributed to the epidemic period [7] . But further studies should be conducted to analyse these factors.
Our study has several limitations. First, because pharyngitis was not a notifiable disease in Beijing, some records for pharyngitis outpatient visits might be omitted by clinicians when they were busy to diagnose and treat the patients. Therefore, the estimated incidence for GAS pharyngitis in our study might have been underestimated. Second, there was no survey of health-seeking behavior among patients of GAS pharyngitis, so we have to use the age-specific consultation rate of all diseases from the Fourth National Health Services Survey of China (NHSS) in 2008. Nevertheless, the consultation rate of patient-defined Hand, Foot, and Mouse disease was estimated at 75.1 % among children under 5 years of age in Beijing, which is almost equal to the rate of all diseases at 72.7 % from NHSS [11] . The finding may indicate that the consultation rates for parameter estimations were acceptable and reliable. Third, as a model study, additional data from surveys of health-seeking behavior among patients of GAS diseases and reporting quality of physician practice could help refine the parameter estimates [10] . Although the multiplier model provided a quicker and more representative results than population-based surveys, a prospective, cohort study in China is needed to confirm our estimations since the model has not been used to estimate GAS burden.
Conclusions
In conclusion, we estimated an average of 29.8 clinical cases of pharyngitis and 2.7 cases of GAS culture-positive pharyngitis per 100 person-years among children aged 0-14 years, resulting in a large number of outpatient visits from 2012 to 2014 in Beijing, China. These estimates suggest that the disease burden of GAS pharyngitis has been significant, and posing great threats to the health of children in China. More epidemiological studies and surveillances should be developed to estimate the burden of GAS related diseases in Beijing, and other regions in China.
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